Flavor asymmetries for the valence and sea quarks of the Σ ± can be obtained from Drell-Yan experiments using charged hyperon beams on proton and deuteron targets. A large, measurable difference in sea quark asymmetries is predicted between SU(3) and pseudoscalar meson models. The latter predict that in Σ + ,ū/d ≤ 1/2, whereas the former predictū/d ≈ 4/3. Estimates of valence quark asymmetries based on quark models also show large deviations from SU(3) predictions, which should be measurable.
Parton distributions contain a wealth of information concerning the non-perturbative structure of hadrons. While most attention has so far been paid to the distributions of the nucleon, through the Drell-Yan process one can also get information on the parton distributions of the hyperons. We shall be concerned with the predictions of the distibutions for the Σ ± hyperons in various models, including: (1) a quark and meson model, (2) an SU (3) model and (3) a model involving the coupling of octets of mesons and baryons (without regard to mass). In particular, a comparison of Σ ± and proton structure functions can be used to differentiate between these models. We show that measurements of the DrellYan process for Σ ± scattering on protons and neutrons (in deuteron targets) allow one to extract information on the parton distributions of the Σ ± and that the expectations are quantitatively quite different for (1), (2) and (3), above. In particular, we find that measurements of theū/d ratio in the Σ + are very sensitive to the model chosen, and that a quark-diquark model of the hyperon predicts large SU(3) violations in the valence quark distributions.
One of the surprises in the structure of the proton is that the sea appears to have a flavor asymmetry, an excess ofd compared toū [1] [2] [3] . Although the experimental results could imply some violation of isospin, this appears to be less likely, and we interpret them as an SU(2) Q flavor asymmetry in the sea [4] . Thus, thed excess in the proton is expected to be reflected in an excess ofū in the neutron; isospin symmetry would be broken if this were not the case. The evidence for flavor asymmetry in the proton sea is based on analyses of deep inelastic muon scattering [1, 2] and Drell-Yan processes [3] . One explanation that has been offered is that the excess ofd overū is due to the Pauli exclusion principle [5] [6] [7] . A more likely explanation, in our view, is that offered by Thomas and colleagues [8] [9] [10] [11] [12] , Henley and Miller [13] , and others [14] [15] [16] [17] [18] [19] [20] [21] , namely that the presence of a pion cloud surrounding a proton favorsd overū because of the excess positive charge of the meson cloud.
It is interesting to apply these arguments to the strange baryons and to compare them with SU(3). Here we focus on the charged Σ + (Σ − ), composed of uus (dds) valence quarks.
Thus the main difference from the p(n) case is the replacement of a valence d(u) quark by an s quark. In the following, the quark distribution q(u, d, or s) without subscripts refers to the proton, and with a Σ subscript refers to the Σ + . The x-dependence of these distributions is implied, but not shown explicitly. With neglect of mass effects or under SU(3),
where the experimental ratio [3] is that obtained for the proton at x ≈ 0.18.
The ratio κ ≡ 2s/(d +ū) is a measure of the strange quark content of the nucleon. It has been determined experimentally in neutrino-induced charm production [22] [23] [24] to be in the range 0.373
−0.041 ± 0.018 ≤ κ ≤ 0.57 ± 0.09. The CTEQ [25] determination of parton distributions from global QCD analyses of experimental data uses the value κ = 0.5, from
so withd ≈ 2ū from Eq. 1,
We also findd
from the same analysis.
For the model of quarks surrounded by light pseudoscalar mesons, the Σ + has an excess ofd overū (and the opposite for the Σ − ) in contradistinction to the SU(3) prediction. If we neglect higher masses, then the Σ + (uus) will have components Λ 0 (uds)π + (ud),
Thus there is a clear enhancement ofd for Σ + andū for Σ − and we expectr Σ ≤ 0.5.
We also consider an SU(3) model in which a baryon is composed of octets of baryons and mesons. We use the SU(3) isoscalar factors and representation matrices given by the Particle Data Group [26] . For
and for
The standard D and F couplings are related to g 1 and g 2 by D = √ 30 40
with α ≡ F/D, and which leads to relative probabilities, averaged over x,
Thenr
With α = 0.6, consistent with a recent analysis [27] , we obtain for the proton r = .29,r s = .42 (14) which differ significantly from the experimental result (r = .51) and parameter (r s = κ/2 = .25). We also show in Table I the Deviations from SU(3) predictions are also expected for the valence quark distributions in Σ + (Σ − ). On the basis of SU(3) symmetry we expect
The functional form is taken from a fit by CDHS [28] , and agrees with the latest parton distribution analysis of CTEQ [25] within 20%, which is adequate for our calculations.
We find that for x ≥ 0.2, quark models predict valence quark flavor asymmetries in the Σ + that are greater than the SU (3) result, e.g. by a factor of 3.4 at x = 0.7. Our approach to estimating valence quark distributions in the Σ + is based on a quark-diquark model initiated at Adelaide [7, 29] which has led to the study of charge symmetry violation in the nucleon [30] . It was found that the dominant contribution to the structure function q(x) in the valence region comes from a state in which the two spectator quarks are in their ground states. The effective mass of this diquark state will deviate from 3/4 of the nucleon mass (in the MIT bag model, 2/3 in the constituent quark model) because of the hyperfine interaction. The mass difference between the two spin states of the diquark leads to spin and flavor dependence of q(x) [31] . Let x q represent the most probable momentum fraction carried by the quark q, and xrepresent the most probable momentum fraction carried by the diquark. Then the peak in q(x) can be estimated from These same arguments may be applied to the Σ + . In this case the diquark uu must be in a spin triplet, so from the Λ − Σ splitting, m uu ≈ 850 MeV, and s Σ (x) peaks at x s ≈ 0.28. This is close to the value found for u(x) in the proton, so we set s Σ (x) ≈ u(x)/2 (the factor of 2 comes from normalization). To estimate the u Σ distribution we note that the su diquark mass is increased by ≈ 180 MeV because of m s , and with the hyperfine splitting, m su ≈ 900
MeV in the singlet, leading to a peak x u (S = 0) ≈ 0.24 -i.e., a "harder" distribution, like that of u(x) in the proton -and m su ≈ 1050 MeV in the triplet, leading to x u (S = 1) ≈ 0.10 -a "softer" distribution like d(x) in the proton. Since the singlet and triplet diquark states are equally probable, we approximate
In the valence quark region, this ratio is considerably in excess of that predicted by SU(3), as can be seen in Fig. 1 , in which we plot the ratio R
There are a number of ways that these arguments and models can be tested for Σ hyperons. The most practical to us appears to be in terms of the Drell-Yan cross sections for Σ ± p and Σ ± n (i.e. d) -e.g., in the inclusive reactions Σ ± p → l + l − X, where l ± are muons or electrons and X is unmeasured. Beams of Σ ± appear to be adequate for this purpose, but π contamination will lead to problems which need to be overcome.
We first consider the determination of sea quark flavor asymmetry for Σ ± . We find that extracting the ratior Σ (x) ≡ū Σ (x)/d Σ (x) for the Σ + depends on the known ratios
The former is well-determined, and the recent determination of the latter has been discussed above. Ratios involvings in the Σ ± cannot be tested easily because they involve second order annihilations (s Σ on s), terms which we neglect because the present accuracy of Drell-Yan measurements is insufficient to be sensitive to them.
Drell-Yan cross-sections are proportional to the products q(x)q(x ′ ), weighted by the product of the quark charges, and summed over contributions from beam and target. We neglect sea-quark -sea-quark collisions, which would contribute below the likely level of accuracy of the experiment. We assume isospin reflection (charge) symmetry: Consider the Drell-Yan process for ΣN. Let σ(ΣN) represent the cross-section for inclusive dilepton production
with M the mass of the dilepton pair and
higher-order QCD corrections. If the c.m. rapidity y ≈ 0, then x Σ ≈ x N ≈ x, and
Then by charge symmetry
We also find
and again by charge symmetry
As we note below, if K(x) is known, and all four cross sections are measured,ū Σ ,d Σ , u Σ , and s Σ can be determined. The uncertainties in K(x) can be factored out by taking ratios of cross sections; two independent ratios can be constructed. We first define a ratio R ′ (x) determined from the Drell-Yan cross-sections so as to eliminate all unknowns except for
and use Eq. 20 -Eq. 23 to write R ′ (x) in terms of the ratiosr Σ (x), r(x) andr(x):
Thus for r(x) ≈ 2 andr(x) ≈ 0.5,
If K(x) is known,d Σ (x) can be determined directly from the cross sections:
and s Σ (x) can be determined from the cross sections ands(x):
(Recall that, because of the higher mass of the strange quark, we expect s Σ (x) to peak at a larger x than d(x) -c.f., Eq. 11.)
Quark models with a meson cloud predict the sea quark distributionsq(x); they also
peaks at x ≈ 0.1 [14] [15] [16] [17] [18] [19] [20] . On the basis of meson cloud models 1 , the distributions of sea quarks in the Σ ± may differ somewhat from those in the nucleon due to the presence of kaons; this may shift the maximum of D to somewhat smaller values of x. Nevertheless, the region 0 ≤ x ≤ 0.2 should be a good one in which to determiner Σ .
We believe that the measurement of R ′ should be possible to within ≈ 20% and this is sufficient to establish the preponderance ofd overū in the Σ + , as predicted by the octet and meson cloud models. From Eq. 25, an error, e, in the measurement of R ′ leads to an error of approximately 3e inr Σ . Ifr Σ were found to be ≤ 0.5, together with the known value of r ≈ 0.51, this measurement would help to reinforce the necessity to include pseudoscalar mesons in quark models of baryons.
To measure valence quark asymmetries we consider the Drell-Yan process for Σ + and Σ − on isoscalar targets -with cross sections σ + and σ − , respectively. We fix x Σ to be above 0.3 so that valence quarks in the hyperons dominate. Then from Eq. 19-Eq. 23, with x ≡ x Σ and x ′ ≡ x N ,
and
We approximate K(x, x ′ ) by an averageK, and integrate over x ′ in the nucleons, so that
and similarly for σ − , withq = dx ′q (x ′ ). Then
We again use the CTEQ [25] value, κ = 0.5, and evaluate R v for both the SU(3) prediction for r Σ (Eq. 15) and for our quark model (Eq. 17). In Fig. 2 we plot the ratio D
We note that the predicted asymmetry exceeds the SU(3) prediction by about 10% at x = 0.5, increasing to 20% at x = 0.75. An accuracy of ≈ 5% should be possible for these integrated cross sections. Thus these measurements will test the SU(3) violations in the valence quark distributions of Σ ± predicted by quark models.
In summary, there are substantial differences expected between the valence and sea parton distributions associated with several models of hyperon structure. We have seen that Drell-Yan experiments based on existing hyperon beams should be capable of testing these ideas. The substantial violations of SU (3) 
